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Far Field Fluorescence and AFM Superposition with 10nm Special
Resolution
Jeffery Hodges, Anil Ghimire, Jordan Gerton, Saveez Saffarian.
University of Utah, Salt Lake City, UT, USA.
We have developed a technique which allows us to determine the location of
a fluorescent signal to within 10nm accuracy within a topological scan created
by AFM. Imaging topological markers that are both fluorescent and resolvable
in an AFM scan, we can triangulate the fluorescence of these markers in con-
junction with the fluorescence and topology of a sample to within 10nm accu-
racy. Here we show data from this method in air as well as wet buffers which
are ideal for biological sample measurements. This technique will facilitate lo-
calization of fluorescent molecules within asymmetric diffraction limited bio-
logical samples.
1059-Pos Board B845
Quantitative Imaging of Electron Transfer Flavoprotein Autofluorescence
Reveals Lipid Partitioning Dynamics in Pancreatic Islets
Alan K. Lam1,2, Svetlana M. Altamentova2, Jonathan V. Rocheleau1,2.
1IBBME, University of Toronto, Toronto, ON, Canada, 2TGRI, University
Health Network, Toronto, ON, Canada.
Pancreatic islet beta-cells are sensitive to plasma nutrients in the body. Excess
levels of glucose and fatty acids lead to glucolipotoxicity, resulting in declined
beta-cell function and survival - a major component of type 2 diabetes mellitus
(T2DM). Despite significant knowledge of glucose-stimulated insulin secre-
tion, the effect of fatty acids remains uncertain. Here we show a novel way
to measure a response from fatty acids in ex vivo pancreatic islets using quan-
titative autofluorescence imaging of a Complex II flavin, electron transfer fla-
voprotein (ETF). Together with two-photon imaging of NAD(P)H and our
previously reported lipoamide dehydrogenase (LipDH) autofluorescence, we
found that the electron transport chain is nutrient supply-driven and dominated
by Complex I rather than Complex II. These data are consistent with beta-cells
being predominantly glucose responsive. Furthermore, we found an oxidized
ETF redox response in the presence of excess glucose-stimulation, suggesting
a shift in lipid partitioning from fatty acid oxidization to synthesis above 10
mM glucose. Our results demonstrate that ETF autofluorescence can in part
be used as readout of islet response to fat. Overall, we anticipate our ETF im-
aging platform to be a starting point for more sophisticated biological studies
that will explore mechanisms of mitochondrial dysfunction in T2DM.
Biophysics Education
1060-Pos Board B846
Membranes, Ions, and Signals: An Integrated, Multimedia, Biophysics
Module for First-Year Medical Students
Daniel Gardner, Olaf S. Andersen, Lonny R. Levin.
Weill Cornell Medical College, New York, NY, USA.
First-year medical students, unlike typical graduate students, include many
non-science majors with varying prior exposure to mathematics or physical sci-
ences. To provide a common substrate for medical education that acknowl-
edged these disparate backgrounds, an introductory Molecules to Cells
course was designed in 1996 by D.G., O.S.A., and colleagues. Now Molecules,
Genes, and Cells (MGC), this spans protein structure, lipids, cellular genetics,
metabolic biochemistry, cell division, and more.
We now report design and implementation of a Membranes, Ions, and Signals
(MIS) module for MGC, covering cellular biophysics, physiology, and pharma-
cology. Building on membrane lipid structure and function, MIS incorporates:
 plasma membrane and compartments
 properties of those compartments important to electrochemistry, signaling,
and biophysics,
 structure and function of membrane channels, transporters and receptors
 electrophysiology of excitable tissue
 signals and information: synaptic, cellular, cytoplasmic, and nuclear
 signals in disease contexts
 signals into actions: structure and function of skeletal and smooth muscle
This material is both essential and conceptually difficult, and MIS is designed
to offer students an optimal sequence, schedule, and presentation forms and for-
mats to aid understanding. As an integrated module, MIS relates these topics
and makes them relevant to contemporary work and translational promise.
Staffing is interdepartmental, via Physiology & Biophysics, Pharmacology,
Biochemistry, and Cardiology. MD-PhD students take the course and module
in their first year, then participate as journal club instructors. A signals-and-
channels computer lab incorporates material from Richardson and Richardson
(1992), Brandon and Tooze (1999), and R. Bookman (U.Miami) for in-class in-
struction utilizing 40 workstations for ~100 students.Introduced in Fall, 2010, student evaluation of the material and integration was
highly positive; currently (Fall 2011) textual and graphic material is being de-
livered to students via iPad.
1061-Pos Board B847
Math Preparation of Undergraduates in General Chemistry, a Gatekeeper
Course Required for Biophysicists
Cynthia A. Stanich, Colleen F. Craig, Sarah L. Keller.
University of Washington, Seattle, WA, USA.
Gatekeeper courses for undergraduates wishing to pursue careers in biophysics
and other STEM fields include introductory chemistry, physics, and biology.
At the University of Washington, as at many other peer institutions, a high level
of math is required for enrollment in main sequence General Chemistry. Spe-
cifically, students must have fulfilled a calculus requirement or be co-enrolled
in calculus. Moreover, the average high school GPA of freshmen entering di-
rectly from high school is 3.7. Nevertheless, we find that significant fractions of
students enrolled in General Chemistry are unable to complete problems in
which they are asked to manipulate exponents (~20%), logarithms (~40-
50%), or probabilities (~40%). Researchers at University of Minnesota have
documented similar results [Leopold and Edgar, 2008, Chemical Education Re-
search 85:724]. We find that some math deficiencies among undergraduates
persist into the senior year, at least for biochemistry majors. Here we track un-
dergraduate math competencies through the first two academic terms of Gen-
eral Chemistry after introducing an intervention of a math quiz and
feedback. We separately track competencies after student use of a program
called ALEKS, which uses adaptive questioning to determine student compe-
tencies and then instruct on deficient topics.
1062-Pos Board B848
A Simple Model of Protein Folding: From Crystal Structure to the Living
Cell
Maxim B. Prigozhin, Sharlene Denos.
Univesity of Illinois, Urbana, IL, USA.
Construction of simple models is an integral part of any scientific investigation,
yet it almost never makes it even to the college science curriculum. We devel-
oped a series of 4 lessons that uses protein
dynamics as a platform to introduce mod-
eling to students at the high school and un-
dergraduate levels. These lessons guide
students from a textbook picture of a pro-
tein as a rigid crystal structure to a more re-
alistic view: proteins are highly dynamic
entities in the crowded environment inside
the living cells. Methods of statistics and
physical chemistry are employed along
the way to investigate a flexible version
of a protein that can sample various con-
formations within the folded ensemble and ultimately unfold into a random
coil. Simple mechanical and computer models that evolve in their complexity
are at the core of this lesson.
1063-Pos Board B849
A Ubiquitous Learning Environment For Molecular Biology
Eric Jakobsson.
University of Illinois, Urbana, IL, USA.
There is widespread agreement on the need to integrate education in physical,
mathematical, and life sciences. It is now feasible to create a ubiquitous learn-
ing and inquiry environment for providing a comprehensive introduction for bi-
ology to physical and mathematical scientists, which can be accessed from
everywhere using a networked laptop. This paper proposes such an environ-
ment. The didactic portion is organized according to the flow of information
among biomolecular systems, starting with the genome and continuing with
the processes of transcription, translation, and post-translational modification,
and the interaction of gene products to give rise to the cellular phenome and
to interactions among cells. Reverse information flow via influence of the en-
vironment on the cell completes the information loop, with dynamic responses
ranging in time scales from fractions of a second for an emergency response to
thousands or millions of years for evolutionary change. The textbook level of
understanding can be assembled from the NCBI bookshelf. The ability of stu-
dents to dig deeper in all subjects is achieved through training in the use of
Google Scholar and PubMed to assemble functional bibliographies beginning
with seminal papers (early papers with many citations) leading up to the
most recent advances, punctuated with review papers. Hands-on interaction
with the concepts can be introduced with the use of bioinformatics and molec-
ular modeling tools accessible online, leading to an early experience in compu-
tational research and in framing meaningful problems to be attacked
Sunday, February 26, 2012 211aexperimentally. Physical and mathematical scientists also need an introduction
to the granting systems in biology, by being guided through the grants and in-
stitutional databases other information at the NIH, NSF, DOE Office of Sci-
ence, and foundations.
1064-Pos Board B850
A Simple Biophysical Experiment to Introduce RatiometricMeasurements
and Microplate Fluorimetry in the Laboratory Class
Rodrigo F.M. de Almeida, Joaquim T.M. Marqueˆs.
Centro de Quı´mica e Bioquı´mica, Faculdade de Cieˆncias da Universidade de
Lisboa, Lisboa, Portugal.
In the past decades fluorescence applications in the Life Sciences, Sensing and
Nanotechnology had a huge burst, in part because a variety of instruments can
be used to measure fluorescence, including fluorescence microscopes, flow cy-
tometers, and high throughout microplate readers. Therefore, it is important to
introduce students to different apparatus, underlying their common features and
particularities.
In many instruments, several experimental limitations hamper quantitative
treatment of data, unless ratiometric measurements are made, i.e., the ratio of
intensity at two different excitation and/or emission wavelengths, which elim-
inates a considerable number of artifacts. However, such methods are possible
only when a spectral shift occurs.
The denaturation of proteins often induces a blue-shift of the tryptophan resi-
dues emission, due to their increased exposure to the polar aqueous medium.
Such shift permits the use of ratiometric measures to obtain the fraction of na-
tive and denatured protein, hence the denaturation curve.
In this work, the denaturation of egg-hen-lisozyme by guanidine hydrochloride
is studied. Since this process has been described by a two-state model, the anal-
ysis is straightforward. The students perform single-wavelength and ratiometric
measurements, to observe the improvements brought by the latter. The exper-
iment requires just the preparation of a series of solutions with protein and
growing concentration of denaturant and respective blanks. With a 96-well
plate it is possible to analyze 3-independent series of samples and test the re-
versibility of the process. From the denaturation curve, the students retrieve
the free energy of lisozyme denaturation in water, and the cooperativity of
the process. This work is performed successfully (Biochemistry Master Pro-
gram), and the students reveal development of analytical skills and simulta-
neously deeper understanding of the physical-chemical principles behind
protein structural changes.
Acknowledgements: Cieˆncia2007, PEst-OE/QUI/UI0612/2011 and SFRH/BD/
64442/2009 (FCT, Portugal).
1065-Pos Board B851
A Simple Device to Illustrate the Einthoven Triangle
Benjamin Jin1, Heike Wulff2, Jonathan Widdicombe2, Jie Zheng2,
Donald M. Bers2, Jose L. Puglisi2.
1Davis Senior High School, Davis, CA, USA, 2University of California,
Davis, Davis, CA, USA.
Objective: Einthoven’s Triangle is a crucial concept for the proper understand-
ing of electrocardiography but the electrical vector of the heart is often difficult
for students to grasp. In order to illustrate this principle, we constructed a device
that simulates the ECG orientation and frontal plane vectors to simulate the
heart’s electrical activity for the main electrocardiographic leads (I, II and
III). Materials & Methods: We built a box connected to a headboard with
three analog voltmeters and a battery that simulates the electrical activity of
the heart. Placed on the top of the box is an acrylic board with a diagram of
the Einthoven Triangle, consisting of an equilateral triangle with an inscribed
concentric circle. The voltmeters were connected to the corners of the triangle,
mirroring the standard ECG leads. Silver-chlorided electrodes were placed at
the center and at twelve equally spaced positions (30 degrees apart) along
the circle. All electrodes were electrically ‘‘connected’’ by submergence in
a 10 mM saline solution (NaCl). A particular position of the heart’s electrical
vector was simulated by connecting the negative terminal of the battery to the
center of the circle and the positive terminal to an electrode along the circum-
ference. At every position, readings from meters I, II and III were taken. We
built a total of six devices for a class of thirty students and tested them in
the HPH 400 Human Physiology course at the UC Davis School of Medicine.
Conclusions: This device enabled students to verify the Einthoven Triangleprinciple; namely, that Lead I þ Lead III = Lead II, independent of the heart’s
electrical vector position. Combined with the traditional demonstration with
ECG machines, this equipment helps medical students to obtain a solid founda-
tion of the basic principles of electrocardiography.
1066-Pos Board B852
Building a Community of Practice: Lessons from the Biophysical Society’s
Summer Short Course
Elisabeth J. RussellMcKenzie.
Temple University, Philadelphia, PA, USA.
Between 2008 and 2011 approximately twelve young scientists mainly from
schools with underdeveloped biophysics programs have come together at
UNC-CH to experience an intensive ‘‘first taste’’ of graduate level biophysical
research. The curriculum involves lectures, research, seminars, social activities,
and an annual reunion with members of previous cohorts returning to share ex-
periences and insights. An initial goal of this project was that the seeds of a net-
work of young underrepresented research scientists would be planted. In fact,
the results have exceeded expectation with the participants forming a Commu-
nity of Practice (CoP), a ‘‘community that acts as a living curriculum for the
apprentice’’ (Wenger, 2006), in this case, the young researchers. The combined
group demonstrates all the characteristics of a CoP, (i) Identity defined by
a shared domain of interest and therefore a shared competence that distin-
guishes members from other people -they value their collective competence
and learn from each other, even though few people outside the group may value
or even recognize their expertise; (ii) Community of members who interact and
engage in shared activities, help each other, and share information with each
other. They build relationships that enable them to learn from each other;
(iii) Members are practitioners. They develop a shared repertoire of resources
which can include stories, helpful tools, experiences, stories, and ways of han-
dling typical problems. As a result of the development of this sense of support
and belonging in a CoP comprised of faculty and fellow Biophysics Summer
Course alums of 26 eligible for grad school in January 2011, 18 were in grad
school (69%) and of these, 16 were pursuing biomedical research degrees
(89%). This paper explores the activities and inputs that have aided in the for-
mation of this biophysics CoP.
1067-Pos Board B853
Biophysics in Informal Learning Opportunities: Sharing Literacy through
Science Communication
Senkei Umehara1,2.
1Japan Science and Technology Agency, Tokyo, Japan, 2The University of
Tokyo, Tokyo, Japan.
Science and society interrelate in many ways, and consequently, science com-
munication exists between people in any relation in any situation. In this con-
text, informal learning can be regarded as part of science communication that
occurs outside of a classroom when educators communicate to educatees on
a particular topic. Both parties can include anyone in society; for example, at
science centers or museums, adults enjoy these learning opportunities through
interaction with staff curators or science communicators.
Science festivals are full of such science communication opportunities. Scien-
tists at any career stage, including graduate students, are often expected to con-
tribute as speakers or panelists, sometimes as ‘‘teachers’’ and sometimes as
‘‘storytellers’’ about topics of interest for the audience. They benefit from hear-
ing about community needs and expectations as well as increasing their own
communication skills. They may also be asked to join public dialogue held
at such festivals, where the potential impact of a certain research field is seri-
ously discussed, both as an expert on the scientific side of the subject and as an
individual citizen in the community.
This presentation will introduce Japan’s representative science festivals with
emphasis on examples related to biophysics disciplines demonstrated in those
event settings. Also introduced will be positive effects of participating in such
multifaceted events for institutions and researchers themselves. Moreover, with
empirical evidence and experience as an organizer of an annual nationwide fes-
tival, I would like to suggest possible contribution beyond traditional science
outreach or popularization, setting one of the goals of informal learning as shar-
ing literacy among all the community members: scientific literacy for non-
scientists and social literacy for scientists.
